Mr. A. J. E llis on a P erfect M usical Scale. 93 that was seen. There was a proper canal for the spinal cord, but it had no osseous covering. The deep groove bifurcated at the cranial extremity intQ grooves of half its size, which took a direction at right angles to that of the former. The left pneumogastric nerve was seen passing through the base of the cranium to the surface, where it appeared to have come from the membrane from which other nerves proceeded. After descending to the cervical region and giving off the recurrent, the principal branch was not continued to £he lungs and oesophagus, but directly to the ganglion of the sympathetic in the upper part of the thorax, so that the sympathetic chain of ganglia in the thorax appeared to be simply a continuation of the pneumogastric. To compensate for this absence of nervous supply on the left side, the nervous plexuses on the roots of the lungs were found to be enormously increased on the opposite side. A large branch ascended from the solar plexus and united with the divisions of the right pneumogastric. The splanchnic on this side was large, and was composed of filaments from the upper thoracic ganglia, not merely from those below the sixth. The action of the heart and the functions of the liver, kidneys, and other organs must have continued during the uterine existence of the foetus. The author expects to be afforded further means of prosecuting his dissections of the nerves of acephalous monsters, in which case he will communicate the results of his examinations to the Royal Society, Euler*, perceiving that the relative pitches of all musical notes might be represented by 2" . 3" . 5P, formed different " genera musica " by allowing n and pt o vary from 0 to fixed limits. His " genus diatonicum hodiernum " (op. cit. p, 135) limits nt o 3 and p to 2, These tones and 12 others are contained in his " genus cujus exponens est 2W . 37 . 52," that is, which limits nt o 7 and p p. 161) given a scheme in which each manual of an instrument should represent two sounds, the primary belonging to the first 12 tones, and the secondary to the additional 12. He says p. 162), " Soni secundarii summo rigore ab iisdem clavibus edi nequeunt, quia vero tarn parum a primariis discrepant, ad eos exprimendos hse claves sine sensibili har monics jactura tuto adhiberi possunt. Nam etiamsi ab bus comma seu diaschisma, quibus mtervallis soni secundarii a primariis differunt, distingui queat, tamen quia soni secundarii cum primariis neque * Tentamen Novae Theorise Musicse ex certissimis Harmonise principiis dilucide expositae auctore Leonhardo Eulero. Petropoli, 1730.
perament, it is most convenient to use ordinary logarithms to five places, because the actual pitches, and the length of the monochord (which is the j reciprocal of the relative pitch), can be thus most easily found. In Table I . | the principal intervals are given as fractions, logarithms, and degrees. If we call 0*00568 one degree, then 53 degrees= 0 * 3 0 1 0 4 = log 2 -0*00001, i and 31 degrees= 0 * 1 7 6 0 8 = log f -0*00001. I f we moreover represent the addition and subtraction of 0*00035 (or one-sixteenth of a degree) by I an acute or grave accent respectively, then 17' degrees=0*09691=log \ and 1' degree=0*00533= lo g - §$■-0*00007. Two numbers of degrees which differ by a single accent of the same kind, as 17', 17" represent notes whose real interval is a schisma (thus e has 17' degrees; and d x , =^[e, has 17" degrees), having a difference of logarithm=0*00049 or 0' degrees + 0*00014. By observing this, degrees may be very conveniently used for all calculation of intervals between tones of pitches represented by 2™ . 3" . 5P. Table IV . contains a list of tones which differ from each other by a schisma, and will be useful hereafter.
The conditions of a perfect musical scale arc discovered by tak in g! all the tones which can be expressed by one of Euler's " exponents," nor by forming all the tones which are consonant with a certain tone, and then all the tones consonant with these, as Drobiscli has done. Such processes produce many useless, and omit many necessary tones, Since modern music depends on the relations of harmonies, and not on scales, it is necessary to find what consonant chords of three tones are most closely f| connected*.
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[Jan, 21, Three tones whose pitches are as 4 : 5 : 6, or 10 : 12 : 15 form a major or minor consonant chord respectively. The same names are used when any one or more of the pitches is multiplied or divided by a power of 2, notwithstanding the dissonant effect in some cases. Thus, 4 : 5 t 6 is a major, and c : feb : g = 10 : 12 : 15 is a mino same names are applied to e : g * : c4= 5 : 2 x 6 : 22 x . '2x12:2 x 10, although these chords are really dissonant (Helmholtz, t • p. 33 4). I shall consequently use a group of capitals, as C E 6r, to represent a major chord, arid a group of small letters, as c feb to represent a nuanr c ior , irrespective of the octaves. The three notes in this order, ^ irc^ an<^ fifth °f the major or minor scale commencing t> .1 ' are f ahe<^ the first, third and fifth of the chords respectively, tbp 8 cojftail*,a fiftfi* a niajor and a minor third. I f the interval of con ame by the same tones in a major and minor chord, as insisted nn b+consonant chords of four tones, such as d2 and these are able and much nT * 6 ^ °1' ' but' though they are quite consonant and agreesuch a & ah M f*^ eaSanter than the dissonant chords by which they are replaced down by Helrnb u ^ ° ^orm a Part °f modern music, for reasons clearly laid union of tones hpl ^ ^ ff' P' 295) ' dissonant chords must always arise from the sonant chords • ?0nsonant ehords, or from the inversions of con-> ere ore their tones are determined with those of the others.
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CEGi c ' f ' g> or ^ E, a c e , tlic chords src hero te I f the interval o f the major th ird is contained by the same tones, as ace; or f-Eb G +I?b, c \ef> g, they are termed relative. I f two chords^ major or minor, have the fifth tone of the one the same as the first tone o f the other, as F A C,CEG; ffcfr c, c +eb ^; /to t? c, CE G ; FA they are here termed dominative. I f a chain of three such dominative chords be formed (as F A C, G E G,GBD, o r /+ a b and major chords being interchanged at pleasure), the first is called the subdominant, the second the tonic, and the third the dominant. Three such chords contain seven tones, and if such octaves of these tones are taken that all seven tones may lie within the compass of one octave they form a scale, o f which 24 varieties can be formed by varying the major and minor chords, and beginning with the first of any one of the three chords. These scales include all the old ecclesiastical modes and several others. I f all three chords are major and the scale begins on the first of the tonic chord, the result is the major scale, C, D , E , F, G, A , B , I f all three chords are minor and the scale begins on the first of the tonic chord, the result is the minor descending scale, e2, +6b, fob , g,f, teb, d, c. I f the first and second are minor, and the third major, or if the first and third are major and the second minor, we have the two usual ascending minor scales, c, d, +eb , f , g , fob , b, c2, or c, d, +eb , f , g , may therefore be considered to represent a major scale, but both major and minor chords are necessary for the various minor scales. I f to each o f three dominative major chords we form the relative and synonymous minor chords, the synonymous and relative majors of these, and the relative minor of this synonymous major, we shall have a group of 9 major and 9 minor chords, which I shall call the key o f the fir s t o f the tonic chord. Thus the following is the m
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K e y o f C, Ev% GXb, B 9 % D F ,F A C , CEG, G a the five related chords of each as before. The result will he five keys, as those of .Bb, F ,C , G, D, such that the primary major scales of have either two major chords, or one major chord in common with the original primary major scale. I call these five keys the postdominant, sub dominant, tonic, dominant, and superdominant keys, and the whole group of 21 major and 21 minor chords, with the 30 tones which they contain, I term the system of the first tone of the tonic chord of the original pri mary major scale, which tone may he called the tonic o f the system.
A piece of music is written in a certain system, determined by the com pass or quality of tone of the instruments or voices which have to perform it, and rarely exceeds that system*. It is only in the system that the true relation of the tones of a piece of music, the course and intention of the modulation, and the return to the original key or scale can be appreciated. I have not yet found these relations fully expressed in any theoretical work on music ; but their full expression was necessary to the solution of the problem here proposed.
It will be found practically that only 11 systems are used in music. These are, in dominative order, the systems of J ? , F&, jf>} F, C, P , f A,fE, +B, which contain the 11 keys of the same name, together with the 4 keys of fCb, and 'f'B'jf, In Table V ., columns III. to V III., the whole of the major and minor chords of these 15 keys are exhibited in dominative order §. This Table, therefore, furnishes the tones which must be contained in a perfect musical scale of fixed tones, or the conditions of the problem.
On examination it will be found that these six columns contain 72 dif ferent notes. Hence the extent of a perfect scale is fixed at 72 tones to the octave. It is therefore six times as extensive as the equally tempered scale. Some means of reducing this unwieldy extent is required. The most obvious is that proposed by Euler, in the passage already quoted, namely, the use of certain tones for others which differ from them by a comma or diaschisma. Such substitution within the same chord creates intolerable dissonance. But in melody and in successions of chords it might seem feasible. I have had a concertina tuned, so that the three chords of * * * § * The use of the equally tempered scale has much diminished the feeling for the relations of the system, by confounding tones originally distinct, and has thus led to the confusion of the corresponding notes.
Thus such a note as \\ff$ wiU have to be read as \g% <j% f <y£; Job, ob or fab, according to the re quirements of the system, for all six tones are represented by one on the equally tempered scale. § The has suggested what may be termed schismatic substitution, or the use of one note for another which only differs from it by a schisma, the eleventh part of a comma. Having one concertina tuned to equal temperament, and another to just intervals, the equation || g -has enabled me to test this suggestion by prac I find that in slow chords, the altered fifth c the altered major third ^g b , and the altered minor third ejj 9 are slightly, dissonant. In rapid chords the effect would be necessarily much less perceptible. Such chords as G E \±G, e ] the Pythagorean C f EG, f e g f b (of which I can produce the c F f A G, dffa), or the still worse tempered chords G \\E || G, \\e \\g ||6. I f we modified Professor Helmholtz's suggestion, and, where practicable, used only entire chords which are too flat or too sharp by a schisma, so that the schismatic errors would only occur in harmonies where a note was pro longed from a chord to which it belonged into another for which it was too sharp or too flat by a schisma, then there could be no objection whatever to schismatic substitution, which would be quite inappreciable in melody. Now schismatic substitution will materially reduce the number of dif ferent tones required. By referring to Table IV. it will be seen that all the VOL. XIII. I
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on a P erfect tones in Table V ., lines 1 to 8, throughout all the columns are exactly one sch ism a fa tte r than the corresponding tones in lines 10 to 17. Hence we only require the tones in lines 5 to 13 in order to reproduce the whole Table, with the help o f schismatic substitution. It is, however, more convenient to use columns III., IV ., lines 14 to 17, in place of columns I. and II., lines 5 to 8 ; and columns V II., V III., lines 1 to 4, in place of columns IX . and X., lines 10 to 13. In this case only 48 tones will be required. I f the schismatic substitution o f i f , «b, cl? for efc g$, f were allowed, which would introduce three schismatic errors o f no great importance, the number o f tones would be reduced to 45, which is the lowest possible number o f tones by which a complete scale can be played. All these tones are enumerated in Table I II. There are several ways o f realizing such a scale in whole or in part*. The following appears to be the most feasible, as it would render the mere mechanism of playing a perfect scale on an organ or harmonium easier than that of playing the tempered scale on the same instruments.
On a board of manuals similar to that now in use for the organ, intro duce two additional red manuals (o f the same shape as the black, but with a serrated front edge to be recognizable by blind and colour-blind per formers, as in some cases on General Perronet Thompson's organ) in the two gaps between B and G, and between E and F, so as to make 14 ma nuals in all. Let there be 16 stops worked as pedals with the foot, as in Mr. Poole's Euharmonic Organ (loc.
p. 2 0 9 ). Let one of these stops give the equally tempered tones to the manuals, so that any piece could be played in the tempered scale, and thus compared with the same piece when played with just intervals. Let the 15 other stops give the tones required for the 15 keys %Cfo to tQjf> as shown in Table II ., and be numbered 7 b, 6 b ...lb , natural, 1 # .... 7 Jf. When any pedal is put down, let the seven white manuals give the seven tones of the primary major scale of the cor responding key, and the seven coloured manuals give seven out o f the nine other tones required to complete the key, omitting the acute fourth (which would be found in the key of the dominant) and the grave seventh (which would be found in the key of the subdominant). To the right of each white manual let there be its conjugate coloured manual, o f such a value that, if the seven tones of the major scale be indicated by the numbers 1 to 7, the tones corresponding to the manuals in any key may be Table II . it will be found that 10 different tones lie on each pair of manuals, so that there are only 70 different tones. The two missing tones are, necessarily, f t / '# (the acute fourth of the key of t C'jf), and Jf&b (the grave seventh of the key of fCb); and to this extent the scheme is defective. It would probably be more convenient to the instrument-maker to use all the 70 tones in this arrangement than to take the inferior number 45 due to schismatic substitution. A full-sized harmonium at present employs from 48 to 60 vibrators to the octave, so that the mechanical difficulties to be overcome in introducing 70 are comparatively slight. By omitting the two very unusual keys of JCb and tC'tk the 8 tones denoted by %F\>, f, abb and t-D#, ff X , +-#& tt& in Table II Mr. A. J. E llis on a P erfect M usical Scale [Jan. 21t o 8, 7 to 11, and 10 to 14 respectively would be nearly complete. T manuals might be similar to those on General T. Perronet Thompson's Enharmonic Organ# which has 3 boards, with 20, 23 and 22 manuals re-; spectively, and contains the chords in Table Y . cols. I I I ., lines 6 to 11 • IV. 6 to 1 2 ; V., VI.# VII., 5 to 1 2 ; V III. and IX ., 6 to 12 (four chords belonging to col. IX ., lines 6 to 9, are not in the Table, but can be readily j supplied, as well as the additional lines 0, -1, named below).
Euler's " genus cujus exponens est 2" . 37. 52 as develop Tentamen, p. 161, must be considered as adapted for an instrument w it® two boards o f ordinary manuals, such as some harmoniums are now con-1 structed. His " soni primarii " would occupy the lower, and his "soni secundarii " the upper board. I f to these we add their schismatic equiva lents, inclosed in brackets, and distinguish white and black manuals by capital and small letters as in Table II ., Euler's scheme will appear as follows, where the notation interprets his arithmetical expressions of pitch ( " soni" ), and not his notes ( " signa sonora " ), which are too vague.
Euler's D ouble Scheme. The major chord GB D and the tone C being common to all four instruments, determine their relative pitch. The method o f tuning these and all justly intoned or teleon * instruments is very simple. C being tuned ' to any standard pitch, the fifths above and below it are tuned perfect. To any convenient tone thus formed, as C itself, form the major thirds above, In Table I 
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